have been the disposable needle and evacuated blooddrawing tube. With the exception of a few isolated barcode experiments, most sample-tracking is performed through handwritten or computer-printed labels. Attempts to reduce the hazards of centrifugation have resulted in air-tight lids or chambers, the use of which is time-consuming and cumbersome. Most commonly used clinical analyzers require serum or plasma, distnbuted into specialized containers, unique to that analyzer. Aliquots for different tests are prepared by handpouring or pipetting. Moderate to large clinical laboratories perform so many different tests that even multi-analyzers performing multiple analyses on a single sample may account for only a portion of all tests ordered for a patient. Thus several aliquots of each specimen are usually required. We have developed a proprietary serial centrifuge and bloodcollection tube suitable for incorporation into an automated or robotic sample-handling system. The system we propose is (a) safe-avoids or prevents biological danger to the many "handlers" of blood; (b) small-minimizes the amount of sample taken and space required to adapt to the needs of satellite and mobile testing, and direct interfacing with analyzers; (c) serial--permits each sample to be treated according to its own "merits," optimizes throughput, and facilitates flexible automation;
and ( smart-ensures quality results through monitoring and intelligent control of patient identification, sample characteristics, and separation process. (e.g., electrolyte analyses) in our clinical chemistry laboratory 'Receive' is the elapsed time from venipuncture until the specimen is received in the laboratory; "accession," the time required for pre-analytical processing such as log-in, centrifugation, aliquoting; "run," the time from the completion of aliquotting until the analytical result has been produced; "view," the time required for verification of the result (including checking the quality-control results); "file," the time until the verified result has been entered into the laboratory computer system; "send,' the time to inform the ward, nurse, or physician of the result by either telephone or computer terminal, or the time until the result would be available to them by these means The "revolute" robot arm is controlled by the microcomputer. up to three racks of blood-collection tubes (various sizes can be used) are placed in bays on the large plexiglass platform. A sensor signals their presence and, in response, the robot opens the centrifuge lid and moves the centrifuge head to a "home" position. It then searches the racks for tubes, picks them up, weighs them on the balance in the left foreground, and places them in one of the holes of the centrifuge swinging-bucket carrier. Optimal placement in the rotor is calculated as It proceeds, to minimize the need for balancing. After all the tubes are loaded (up to 36 tubes) dummy "balance" tubes are selected, ifrequired, and loaded; the lid is closed and the centrifuge is started for a preset time. At completion, the tubes are replaced in the racks in the same order as they ware presented and a signal is broadcast to calla technologist to remove the racks. 
Axial Centrifugation and Robotics

Continuous Processing
Some of the most efficient high-volume production processes are those found in steel mills, breweries, or the After about 1 mm, the time for complete separation, the transport door opens and the tube is presented to the robot in precisely the same position as itwas Then each specimen in the batch must be sorted and re-linked to requisition forms or similar paperwork before proceeding to aliquoting. The more specimens in the batch, the more confusing and time-consuming the re-linkage can be. Once the re-linkage is finished, the employees doing the aliquoting are faced with a surge of specimens.
Indeed, it may be said that a batch centrifuge increases variability in flow of specimens through the front end of the laboratory, causing busy times and creating idle times over which employees and management have no control.
The Impact of Serial Centrifugation
At first sight the benefits of serialization of the centrifugation step may not be immediately apparent.
The conventional batch centrifuge is capable of spinning perhaps 20 to 80 tubes at a time; hence, the potential throughput is that quantity every 10 mm (for a usual centrifugation period of 10 mm at 1200 x g) or 120 to 480 tubes per centrifuge per hour. In comparison the ART centrifuge processes only about 60 tubes per centrifuge per hour. We surveyed clinical chemistry laboratories in five local acute-care hospitals (200-1000 beds) and took a "snapshot" of centrifuge use for a single weekday 24-h period. Although this was not performed as a rigorous or definitive study, the specimen load (80-600 blood specimens centrifuged per day) was typical of the overall average workload of these laboratories.
The results (Table 1 ) make apparent the fact that in these hospitals the actual batch size in the centrifuge was limited by the test-tube rack size (typically [10] [11] [12] and by the number of tubes a technologist could Observed with usual batch size and conventional centrifugation in laboratory 3 in Table I (observation period, 24 h). 
